This paper reports the findings of a research investigation into the effect of knowledge management (KM) on the performance of programme-level services innovation. It explores the factors which influence the way in which the "task knowledge" required to complete the new service development (NSD) process is created, transferred and stored. Based on results of a large survey of UK-based service companies, a number of underlying dimensions of KM activities are identified. Knowledge creation consists of a learning culture, an entrepreneurial climate, organisational creativity and a shared vision. Knowledge transfer is characterised by collaborative working, rich communication, empowerment and shared knowledge. Knowledge storage comprises knowledge systems, decision systems and documentation. A strong relationship between KM and the success and innovativeness of a NSD programme is demonstrated.
Introduction
Knowledge management (KM) is the term generally applied to the approach of adding or creating value by more actively leveraging the know-how, experience and judgement resident within the business. Knowledge management has only recently emerged as an explicit area of pursuit for managing businesses, and even more recently as a topic of serious academic study. Although knowledge-related theories reflect an intuitive understanding of the effects of learning and knowledge-based resources on business performance, there is a clear need for empirical research to demonstrate the relative importance of KM to the performance of businesses. This paper assesses the impact of KM on one vital area of a service firm's activities -new service development (NSD). It explores the way in which one form of knowledge or know-how, i.e. the "task knowledge", required to develop new services, is created, transferred and stored. This research has two objectives: (i) to understand the underlying dimensions of KM in relation to NSD, (ii) to explore the impact of the KM practices on NSD success. In doing so it seeks to build upon the growing body of research that tries to explain the performance of firms' NSD activities.
Knowledge in New Service Development
An organisation's NSD capability depends on its knowledge in a specific area i.e. its set of differentiated skills, complementary assets, and routines of NSD. Conceptually, the knowledge required is closely related to the know-what, know-how, know-why and care-why referred to in the knowledge literature (e.g. Chew et al. 1991 , Garvin 1993 . Therefore service businesses need to develop their specialist knowledge and skills if they are to effectively execute the activities of the NSD process. This is the sphere of KM.
KM encompasses three main activities: (i) knowledge creation; (ii) knowledge transfer, and (iii) knowledge storage. From these areas emerge a body of knowledge (e.g. about NSD) that can be exploited (e.g. bringing new services to the market). These activities of KM are now discussed, with specific reference to KM in the context of (New Product Development) NPD/NSD.
Knowledge Creation
The process of creating new knowledge requires that organisational members acknowledge the existence of useful data and information and then transform it, through some form of process, into insights that can be applied in the future to add value to the business (Wiig 1997) . Nonaka (1994) asserts that new knowledge is created through a continuous dialogue between tacit and explicit knowledge, i.e. businesses themselves cannot create new knowledge without individuals. The business provides the infrastructural support that facilitates the actions of creative individuals or provides the context for such individuals to create knowledge. It is argued that knowledge will be facilitated by the development of a culture based on appropriate incentives and management leadership (Marshall et al. 1996) . Management has been observed to support creative cultures and climates by instilling appropriate values through the establishment of systems that support a diversity of beliefs, free exchange of information, open questioning (Nonaka 1988 ); collaborative interaction (Kimberly & Evanisko 1981) ; and in personally encouraging, assessing, developing, and supporting ideas, wherever in the business they originate (Mullin & Sutherland 1998) . Von Krogh (1998) identifies a number of enabling conditions for the creation of knowledge. These include incentive schemes, training programmes, project debriefs and social events. In addition, staff must be able to experiment with new knowledge without fearing the consequences of failure (Nonaka 1988 , Simonin 1997 ).
The creation of new organisational knowledge has been identified as providing the basis for organisational renewal and sustainable competitive advantage (Grant 1996 , Inkpen 1996 . In this context firms must create knowledge that can be used in the development of new products and services. Knowledge creation can be specified as consisting of five phases: (i) sharing of knowledge among team members; (ii) creation of new service concepts; (iii) justification of these concepts (e.g. via market research); (iv) building a prototype, and (v) leveraging the knowledge, concepts, prototypes (Nonaka & Takeuchi 1995 , Von Kogh 1998 . McKee (1992) notes that top management create the analytical environment in which innovations take place. This framework is built by: cultivating particular skills; encouraging an innovative mindset; and sponsoring on-going experiments and linkages among those experiments. Lynn (1998) found that learning is critical to new product success and identifies three different forms of team learning: (i) within-team learning (e.g. exchange of knowledge amongst team members); (ii) cross-team learning (e.g. transfer of knowledge gained by one team to another team), and (iii) market-learning (e.g. knowledge gained from competitors, suppliers and customers). It was found that market learning is especially critical when developing new products for new markets. Whereas, discontinuous innovation needs within-team learning but they should restrict cross-team communication, as they need to shed some of the organisational baggage that the company has previously acquired.
Knowledge Transfer
It is important to transfer knowledge between different members and areas of the organisation so that this knowledge can be fully exploited. While knowledge is recognisably created, codified and transferred during a NPD project, it has been observed that the experience and know-how that task group members acquire during the life cycle of one particular project can also be transferred to subsequent projects and programmes (Meyers & Wilemon 1989) .
Knowledge can be transferred formally (e.g. via training) or informally (e.g. on-the-job learning). Face-to-face communication can transmit much "richer" information (e.g. facial clues, language variety, personalization) than more formal document based methods (Mohr & Nevin 1990) . Knowledge transfer can be aided by the transfer of personnel, the use of multifunctional teams or the introduction of specialised knowledge intermediaries (Jorden & Jones 1997) . Kahn (1996) distinguishes between interaction and collaboration. Interaction is defined as a transactional mechanism that encourages greater information flow, i.e. within the business, while collaboration is regarded as a philosophy of continuous relations, where there is an emphasis on the strategic alignment of departments through a shared vision, collective goals, and an accent on informal organising structures. High co-operation teams in NPD research have been found to place high importance on informal personal communication methods (Moenaert & Souder 1990) . In general it is argued that internal communication is important for NSD as it reduces the amount of uncertainty surrounding the project with regard to user needs, the competition, technology and project requirements (Lievans, Moenaert & S'Jegers 1999) .
Research from the NPD field has posited that high levels of knowledge dispersion (i.e. the sharing of knowledge throughout the organisation) can increase the effectiveness and efficiency of decision-making and implementation, and improve NPD financial performance (Moorman & Miner 1997) . As dispersion levels increase, a NPD team's shared mental models become unified, cross-functional understanding and co-operation is enhanced, resulting in timely, cost-effective decisions that improve the short-term financial performance of NPD activities (Day 1994 , Griffin & Hauser 1993 .
However, it has also been suggested that high levels of knowledge dispersion within a business can have a negative effect on innovation (March 1991 , Quinn 1985 . Organisational knowledge dispersion can inhibit innovation by reducing organisational heterogeneity, thus restricting the number of competencies available for generating new actions (Moorman & Miner 1997) . Similarly, Leonard-Barton (1992) suggests that too much integration and coherence within NPD teams enhances conformity therefore hindering the flow of ideas and innovation. Lievans, deRuyter and Lemmink (1999) found too much co-operation and integration amongst team members can constrain the inflow of new knowledge and limit the search for knowledge outside the team. They argue that for NSD the biggest challenge for firms is the preservation of heterogeneity and diversity among individuals.
Knowledge Storage
Once knowledge has been created, to be of long-term value to the organisation it must be stored for subsequent use by people in different parts of the organisation. However, knowledge storage is more than simply codifying knowledge and storing in databases, documents and the like. It is the embodiment of tacit knowledge into processes, practices, materials and culture. The process of storing knowledge for subsequent use may be likened to a type of 'organisational memory' (Argyris & Schon 1978 , Cyert & March 1963 . Organisational memory becomes more powerful when it, and its context, are stored in a form that makes it easily retrievable by staff and management who have need of it. The most likely storage locations for organisational memory are posited to be individual memories, organisational culture, transformations (i.e. the guidelines by which work processes are managed), organisational structure and the physical structure of workplaces (Walsh & Ungson 1991) . Four categories of a business' memory base have been identified: (i) brainware (knowledge in peoples' minds), (ii) hardware (e.g. prototypes, production processes, R&D equipment), (iii) groupware (knowledge shared by people e.g. rules of thumb, procedures), and (iv) documentware (paper-based or IT based information systems) (Kerssens-Van Dronglen et al. 1996) . Once information has been codified and transposed from individual brains into documents or physical objects it can be diffused quite rapidly (Boisot 1995) . However, in reducing complexity, some of the original value of the idea may be lost.
New Service Development Research
As a core capability, NSD has been subject to much research investigation during the 1990s. See Johne and Storey (1998) for a comprehensive review of this literature. They summarise the research into companies that, on the whole, are successful at developing new services, thus: (Johne & Storey 1998, p213) One of the main conclusions to be drawn from studies into new services is the importance of the quality of the development process (e.g. Cooper at al. 1994 , de Brentani 1991 . This requires experienced staff, functional co-ordination, adequate resources and top management support (e.g. de Brentani 1993 , AtuaheneGima 1996 , Edgett & Parkinson 1994 . One of the main barriers to innovation in service firms has been found to be a lack of "knowledge" (Kelly & Storey 2000) . A lack of expertise in the skills and processes required to undertake NSD restricts firms ability to exploit the opportunities open to them. de Brentani (1993) suggests that the primary factor in the development of successful new services is the creation of an innovative NSD environment where ideas and open communication are encouraged by supportive management.
This research seeks to build on the previous research into NSD performance by specifically looking at the processes by which NSD task knowledge is created, transferred and stored.
Conceptual Model
The aim of this research is to identify the underlying dimensions of KM, in the context of NSD task knowledge, and to understand the relationship between these dimensions and the success of NSD programmes (i.e. the firm's NSD activities over a period of time). KM in this context is defined as comprising: (i) knowledge creation, (ii) knowledge transfer, and (iii) knowledge storage. In order to carry out NSD successfully firms must create knowledge that is relevant to NSD, transfer this knowledge throughout the organisation's members and departments, and store it in a form that makes it easily retrievable by staff and management who have need of it. Firms that engage in and encourage these activities would be expected to have developed a deep reservoir of knowledge about NSD and be better utilising this knowledge to create new services than those firms who do not. The underlying model of the research is shown in Figure 1 .
Research Method
A questionnaire survey was designed to achieve these aims. The questionnaire contained 44 attributes relating to the conceptual model of KM (specifically related to NSD activities): knowledge creation (17 variables), knowledge transfer (18), and knowledge storage (9). These were developed from the KM and NPD/NSD literatures discussed earlier. These attributes were measured using 7-point Likert scales.
Research into new service success can either investigate the development of individual new services (i.e. the project level) or the development of new services over a period of time (i.e. the programme level). Since the aim of this research is to understand how knowledge is managed over time is it is more appropriate to use programme success as the dependent variable. Respondents were asked to evaluate "the overall success of the business' NSD programme in meeting its performance objectives" on a scale very unsuccessful (1) to very successful (7). Three other measures of performance were also employed: (i) the percent of sales from new products launched in the previous three years; (ii) the success rate of new products introduced, and (iii) a rating of the innovativeness of the NSD programme. These measures of performance have been used extensively in NPD/NSD research (Johne & Storey 1998) .
A sample of 385 UK-based service businesses was identified. These were the leading service companies from the financial services, travel/transportation, professional services, retail, telecommunications & computing, and media sectors. In each business the Marketing Director or the director in charge of NSD was identified and sent the questionnaire. A total of 115 completed questionnaires were returned which equated to a 30% response rate. No systematic differences were identified between early and late respondents or between sectors suggesting non-response bias is not a significant issue (Armstrong & Overton 1997) 
Results
Exploratory factor analysis was used to explore the underlying dimensions of the independent variables i.e. the KM activities. Since one of the main goals of the research was to better understand the dimensions of KM Factor analysis: principal components, oblique rotation, number of factors extracted based on eigenvalues > 1. Total variance explained is 71.4%. Three items were excluded from the factor analysis, as their item-total correlations were low.
oblique rather than orthogonal rotation was employed (Hair et al. 1998 ). Forty-one variables were included in the factor analysis, which found KM to comprise 11 underlying factors. Each factor's components are shown in Tables 1-3. These factors were named and divided among the three parts of the conceptual model by inspection of the components of each factor. Only three variables were found to load on factors outside their original area of the model (i.e. a knowledge storage variable loading on a factor consisting of knowledge transfer variables). This gives support to the underlying model.
Pearson correlation coefficients were calculated to explore the strength of the relationship between KM and NSD success (see Table 4 ). These results are now discussed.
Knowledge Creation
Knowledge creation in the context of NSD was found to be represented by four dimensions (Table 1) : (i) learning culture, (ii) entrepreneurial climate, (iii) organisational creativity, and (iv) shared vision. All these factors were found to be correlated with overall NSD programme success. These factors show the need to create the right climate in the organisation in order to enable knowledge creation.
Learning culture illustrates the degree to which the staff and management in a service business recognise that learning constitutes a key value of the business, are in agreement that the ability to learn is key to competitive advantage, and understand that learning is key for guaranteeing organisational survival. Service businesses with a strong commitment towards fostering learning within the NSD programme are likely to achieve continuing high levels of NSD programme performance.
An entrepreneurial climate identifies the extent to which the head of the business is an entrepreneur, the business is dynamic and entrepreneurial, and the degree to which the business is held together by a commitment to innovation. Organisations who have an entrepreneurial climate often have a policy of rewarding innovative ideas. Service businesses scoring highly on the entrepreneurial climate dimension possess staff and management who perceive themselves to be operating in an environment where they are expected, and encouraged to, support and engage in innovative behaviour. There is a will to transform creative ideas into new services. Staff and management draw from an entrepreneurial climate to bring new ideas to fruition, i.e. to innovate. Therefore it is not surprising that this factor is correlated with NSD performance.
Organisational creativity represents the characteristics of the service business, which support staff creativity. The creative climate dimension indicates that managers encourage staff to experiment in order to improve the NSD process, staff get recognised for contributing NSD knowledge and ideas to the NSD process, new staff and management are encouraged to question existing beliefs and knowledge, and innovative ideas are rewarded. Employees feeling part of the future of the organisation aid this creativity and contribution to innovation. Service businesses scoring highly on the organisational creativity dimension are likely to possess an internal organisational environment that is very supportive of generating new ideas for the improvement of NSD knowledge.
Shared vision identifies the extent to which there is total agreement on the business vision across all levels of the organisation and where there is a commonality of purpose in the business. If there is a strong consensus among organisational members regarding the mission of the business and how to achieve it one can regard the business as a 'tightly coupled' knowledge structure (Lyles & Schwenk 1992) , i.e. there are low levels of variability in the goals pursued by staff and management. A high degree of collective agreement on a business' NSD strategy is likely to encourage NSD. However, it is important that the goal climate does not become so tightly coupled that it is difficult for the business to remain sensitive to changes that may take place outside of their jointly held assumptions, i.e. to prevent core knowledge sets become core rigidities (Leonard-Barton 1992).
Knowledge Transfer
Knowledge transfer in this context is represented by four factors (Table 2) : (i) collaborative working; (ii) rich communication; (iii) empowerment, and (iv) shared knowledge. These factors were again all found to be related to performance. To effectively transfer knowledge around the organisation people must view themselves as part of "the team". Interaction is the key to this.
Collaborative working reflects the extent to which staff and management in a service business work together during NSD projects, i.e. where organisational problems are solved by teams drawn across departments, where co-operation between departments is very high, and where there are high levels of communication in all directions. A service business scoring highly on collaborative working would be one characteristic of co-opera-tion, not competition. In the context of NSD, the collaborative climate dimension would impact the extent to which departments were sensitive to the requirements of other departments when it came to executing the NSD process. Similarly, departments would be aware of the value of the knowledge contained in other departments and keen to leverage it at all opportunities. From another perspective, staff would share knowledge about the progress of NSD projects with management in a free and open fashion, and each would proactively seek to understand the impact that each other's knowledge had upon the performance of the project.
Rich communication attests to the extent to which the service business' staff and management adopt particular methods of personal interaction, e.g. scheduled face-toface meetings, impromptu meetings, formal group meetings. Such personal interactions enable the transfer of 'rich information'. Rich communication also helps to encourage a spontaneous and relatively free format idea exchange between people on the organisation. Staff and management involved in the development of successful NSD programmes may be more at ease with using these traditional methods of communication (i.e. one-to-one and face-to-face meetings). These methods have long been regarded as the most effective mechanism by which tacit knowledge is conveyed, without losing intended meaning. This finding obviously has implications for the management of virtual teams, or global development groups who rarely meet face to face, and for the development of technology-based knowledge management solutions.
Empowerment shows the extent to which the organisational culture allows staff to make decisions and take action quickly. With the pace of change in today's businesses staff must be able to react to changes by quickly forming teams to tackle problems without waiting for formal approval. Similarly, organisations that refer decisions up the organisational hierarchy are unlikely to be There is consensus on NSD best practices 0.75
It is unlikely that a NSD mistake will be repeated 0.64
Staff are quick to transfer potentially useful NSD knowledge between projects 0.53
Staff spend time discussing NSD best practice 0.52
Staff are regularly transferred between NSD projects 0.49
Note: 1 Negative factor loading.
very innovative. An informal working environment will also help encourage individuals to share knowledge and ideas with the organisation.
Shared knowledge reflects the service business' ability to regularly share insights on and agree the best methods of executing the activities comprising the NSD process and the extent to which useful NSD knowledge is transferred between projects to ensure mistakes are not repeated. A service business needs to distribute NSD knowledge widely to the different groups involved in executing the NSD process so that knowledge will carry maximum impact. One way of spreading learning and knowledge about NSD around the organisation is to regularly transfer staff between projects. For learning to be more than a single project affair, NSD knowledge must spread quickly and efficiently throughout the business. Some businesses have been observed to make knowledge-related employee behaviour a specific, and measurable, target of their projects. If such behaviour is to be promoted, service businesses must be encouraged to develop management and technical systems which enable staff to learn from others, from past failures and from other businesses, e.g. business tours, staff transfers, education and training.
Knowledge Storage
This research found that a business' NSD knowledge storage practices were represented by three factors (Table 3) : (i) knowledge systems, (ii) decision systems and (iii) documentation. These factors were also found to be related to performance.
Knowledge systems show the extent to which service business have adopted new technologies for storing and sharing knowledge, e.g. Intranets and GroupWare. Such systems store NSD knowledge required to execute the activities of a NSD project in a form which assists staff and management working on parallel or subsequent NSD projects to retrieve it easily at a later stage.
Decision systems may be viewed as the holder of the organisation's memory with respect to NSD. As with knowledge systems, expert systems and databases help to make knowledge available for subsequent projects. Knowledge and expertise can also be captured and stored as NSD processes and routines in the form of NSD manuals. For such decision systems to remain effective there must be a commitment to update this memory at the end of each subsequent project. 1 Overall success of NSD programme in meeting performance objectives (7-point scale).
2 Success of NSD programme in developing innovative new services (7-point scale).
3 Percent of total sales from new services introduced in last 3 years. 4 Percent of new services launched that succeeded. Documentation assesses the extent to which the service business' staff and management adopt more traditional methods of storing NSD task knowledge, e.g. documents, reports. The implication being that the achievement of the business' objectives for the NSD programme is not furthered solely by technology-assisted NSD knowledge storage. More basic storage mechanisms also need to be in place.
Impact on Performance
To further investigate the relationship between KM and NSD performance, correlation coefficients were also calculated between the KM factors and the three other performance measures ( A firm's success rate in developing new services is influenced by shared knowledge and to a lesser extent a learning culture and an entrepreneurial climate. To reduce the number of failures organisations must learn from past mistakes. It is crucial that errors, omissions, etc. are not repeated ad-nauseam. It is suggested that the knowledge of why a new product failed may result in the development of important organisational, technical and market knowledge that can be used in subsequent developments (Maidique & Zirger 1985) .
Conclusions
This paper has explored the underlying dimensions of KM activities, in relation to NSD task knowledge. The KM activities of firms can be classified in terms of knowledge creation, knowledge transfer and knowledge storage. Within these three areas KM was found to comprise 11 factors. All aspects of KM were found to have a significant impact on the success of service business' NSD activities.
While service businesses may be aware of the importance of knowledge assets to their business, few have yet to embrace a business-wide framework for managing particular knowledge assets. Understanding the characteristics of the factors comprising KM should enable management in service businesses to plan their KM activities more effectively and to focus on those areas of the business where they are currently deficient.
Service businesses are heavily dependent upon the knowledge and ideas of their staff and it is therefore in businesses' best interest to strive to establish appropriate cultures, structures, incentives, systems, and processes that somehow allow knowledge creation, transfer and storage to happen as part of daily business. This should go some way towards creating an organisation responsive to change and supportive of new product initiatives, and to achieve a long-term competitive advantage.
Further research is needed in a number of areas. First the interrelationship between the different aspects of KM has not been discussed. For example, to what extent does knowledge storage aid knowledge transfer and whether knowledge storage helps or hinders knowledge creation are two questions that need addressing. Whilst the focus of this study was the service sector it would be expected that similar results would be found in the product sector. However further research is needed to confirm this. Finally longitudinal research is needed to explore the impact of KM over time. Potentially KM activities could have an even bigger impact in the long-run by helping organisations avoid repeating mistakes or the need to continuously reinvent the wheel and by creating an environment of continuous improvement.
